Introduction
The World Health Organization (WHO) defines primary health care (PHC) as 'essential health care' that is based on scientifically sound and socially acceptable methods and technology. Primary health care is an aspect of health care that facilitates population access to health services through universal health care coverage of individuals, families and communities. 1 From a global perspective, Africa has the least developed PHC systems, lowest life expectancy and the lowest numbers of doctors, nurses and midwives per capita. 2 The South African PHC system is not exempt from these challenges as it is besieged by a quadruple burden of disease consisting of human immunodeficiency virus (HIV) or acquired immune deficiency syndrome (AIDS), tuberculosis (TB), non-communicable diseases (NCDs), high maternal and child mortality rates and high levels of violence and injuries.
health professionals. The main drivers of PHC are nurses with consultant support from doctors or family physicians (FPs).
The WHO defines FPs as 'physicians who have specialized in the discipline of family medicine or general practice'. 6 In South Africa, the roles of FPs in PHC settings and the DHS were defined as providing clinical care; acting as a consultant to the clinical team; providing mentoring and capacitating roles to other clinical staff; leading clinical governance at facility and subdistrict level; supervising students, interns or registrars and supporting community-based services, such as ward-based outreach teams. 7 Although the positive impact of FPs on PHC is recognised globally, the impact of FPs within the DHS of the Western Cape (and South Africa) remains to be established. Since the discipline's accreditation as a new specialty in 2007, the South African academic family medicine departments have revised their training programmes to produce FPs equipped to work independently in PHC facilities and district hospitals. 8 Initial qualitative assessments of the impact of FP supply in the Western Cape indicate that FPs are improving clinical processes for serious and chronic conditions such as HIV infection, TB, NCDs and childhood diarrhoea. 5 Since 2007, the FP supply has increased across the nine programmes taught nationally, albeit lower than the projected numbers of 70 new FPs per year. To date, only 18-20 graduates a year qualify nationally. 9 In a Western Cape pilot study by Dyers et al., 8 which examined data on health system performance between 01 April 2011 and 31 March 2012, it was concluded that strong correlations between FP supply and health system performance could not be demonstrated at that particular time as the supply of FPs was still negligible to make a demonstrable impact on health system performance in terms of access, coordination of care and efficiency; quality of clinical processes; as well as the odds of achieving favourable clinical outcomes (as depicted by the modified Donabedian causal chain, Dyers et al., Figure 1) . 8 Low FP numbers may result in PHC inequities for the communities dependent on public sector health services. 10 In the last 4 years (2011-2014), the supply of FPs in Western Cape district hospitals and primary care facilities has doubled, from 22 to 45. 12 This provides an opportunity to reevaluate the impact of FPs on health indicators, using the methods and conceptual framework piloted by Dyers et al. 8 The aim of this study was to determine the impact of FP supply on indicators of health system performance, clinical processes and outcomes. The primary objective was to determine the impact of FPs on designated health indicators, whilst the secondary objective was to determine the impact of other health care worker categories working within the DHS on these indicators, specifically nurses, medical officers (MOs) and general specialists.
Methods

Study design
The researchers conducted a population-based study by conducting secondary analyses of routinely collected data sourced from the Western Cape Department of Health's District Health Information System (DHIS), for the time period from 01 March 2011 until 30 April 2014.
Study population and sampling strategy
The study sample included all five rural districts and eight urban subdistricts of the Western Cape. Together these districts and subdistricts made up the 13 units of analysis. Analysis was performed at district level because FP supply was infused at a district or subdistrict level. Therefore, districts were the appropriate units of analysis that permitted the varied analysis of the impact of FP supply on district health indicators from 2011 to 2014.
Study setting
The Western Cape consists of five rural districts (Eden, Central Karoo, Cape Winelands, Overberg and the West Coast district), as well as the Cape Town Metropole (City of Cape Town), the only urban district in the province (Figure 2 ). The metropole is divided into four sub-structures, which are, in turn, further divided into eight subdistricts. Therefore, there are eight sub-districts within the metropole including Western, Southern, Northern, Eastern, Khayelitsha, Klipfontein, Mitchells Plain and Tygerberg subdistricts. The Western Cape Province's public health sector consists of 1326 health care facilities, which include 66 Community Health Centres, 267 Community Day Centres, 305 clinics, 34 district hospitals, 5 regional hospitals, 1 tertiary hospital, 6 TB treatment facilities and 4 psychiatry facilities.
14 According to the District Health Barometer 2014-2015, 83% of the total provincial population (6 130 791 people) were dependent on the services provided by these public health sector facilities (Table 1) . 15, 16 
Exclusion criteria
Data from correctional services, environmental health offices, health promotion services, home-based care and non-medical sites were excluded. Community-based services, whilst part of DHS, were excluded because of different procedures in data collection and resource allocation between the units of analysis in this study.
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Data collection
Data were obtained from the Western Cape Department of Health's routinely collected database using the formal data application process. The data were routinely collected from PHC and DHS facilities in all 13 units of analysis. Health facilities submit monthly data on agreed indicators into the DHIS, as determined by an information management protocol. The DHIS data are aggregated in a sequential manner at subdistrict, district, provincial and, ultimately, at national level.
Data were extracted from several aspects of the DHIS: Persal (human resources database), Sinjani (database of aggregated performance data of hospitals), ETR.net (electronic TB registry) and the National Population Census 2011. Data on the health system performance indicators were limited to PHC utilisation only (and not on the other domains described in the conceptual framework, Figure 1 ). Human resource data were obtained from the human resources database, whilst PHC utilisation, clinical outcome and clinical process data were derived from the Sinjani database on a variety of performance aggregated data from district hospitals and the electronic TB registry. Population data were derived from the National Population Census 2011. 17 Data were linked using district and subdistrict names. Data from outside the public health sector and district health system, such as private, central, specialised and regional hospitals, were excluded.
Dependent variables or indicators were chosen for this study based on the Donabedian conceptual framework (Figure 1 ), the availability within the routinely collected data set provided by the Western Cape Department of Health and the likelihood of FPs having an impact on them (as predetermined by the pilot study). 8 The variables were selected from the health system performance, clinical processes and clinical outcome domains of the Donabedian causal chain (see Table 2 ). 8 Primary health care utilisation was used to assess health system performance. Cervical smears, TB treatment, couple year protection rate, early antenatal booking and under 1 year immunisation coverage were the designated clinical processes indicators, whilst maternal mortality, perinatal mortality and under-5 mortality were the indicators used to assess clinical outcomes. Dependent variables were 
Data analysis
The impact of FPs and other health care worker categories on health system performance, clinical processes and outcomes was measured through statistical measures of association. The primary predictor variable for this study was FPs employed within the DHS per 10 000 dependent population (a generic intervention according to the conceptual framework). The data on FP supply were obtained via the academic departments of family medicine at the Western Cape training institutions. 12 The other predictor variables, such as nurse, MO and specialist supplies, were included because of their potential confounding effect on health system performance, clinical processes and outcomes. 19 The general specialists category excluded FPs (see Table 3 for a description of the predictor variables).
Analysis between each predictor variable (FPs, nurse, MO and specialist supply) and each rate outcome (PHC utilisation, under-5 mortality, maternal mortality, perinatal mortality and couple year protection rates) was performed using generalised linear models with a negative binomial link (log), and summarised using incident rate ratios (IRRs) with corresponding 95% confidence intervals. Analysis between each predictor variable (FPs, nurse, MO and specialist supply) and each proportional outcome (cervical smears, TB treatment and early antenatal booking) was performed using a binomial link (logit) and summarised as odds ratios (OR) with corresponding 95% confidence intervals. All analyses were performed using the statistical software package STATA 13. 20 
Ethical considerations
The study was approved by the Human Research Ethics Committee of Stellenbosch University (N11/10/012).
Results
All 13 districts and subdistricts of the Western Cape were included as the units of analysis for this study. The total populations and dependent populations of these districts are described in Table 1 . The full-time equivalent distribution of FPs and other health care categories per district or subdistrict is summarised in the appendix as Table 2 -A1. Bivariate analysis was used to assess the impact of time on each health care indicator or outcome (2011-2014) and to adjust for within district or subdistrict clustering (Table 4) . Outcome variables that significantly changed over the reporting period (p < 0.1) underwent further bivariate analysis with each predictor variable whilst the effects of time were held constant ( Table 5 ). (Table 4) . Hence, no further analysis was conducted on these outcome variables. The results of the bivariate analysis between predictor variables (health care worker categories) and outcome variables that had changed over the 4-year reporting period are summarised in Table 5 .
Associations between predictor variables and outcome variables that exhibited significant associations of p < 0.1 underwent further multivariate analysis (Table 6 ). Family physician supply and specialist supply had no significant impact on PHC utilisation. However, nurse supply was associated with a 1% increase in PHC utilisation, IRR 1.01 (95% CI 1.0-1.02, p = 0.08), whilst MO supply was associated with an 18% increase in PHC utilisation, IRR 1.18 (95% CI 1.09-1.27, p = 0.001) after adjusting for the effects of time. Multivariate analysis of nurse supply against PHC utilisation revealed that there was no significant association between nurse supply and PHC utilisation: IRR 0.99 (95% CI 0.98-1.00, p = 0.304) after adjusting for the effects of other health care worker categories. MO supply was significantly associated with PHC utilisation in both bivariate and multivariate analysis: IRR 1.26 (95% CI 1.12-1.41, p = 0.0001) ( Table 6 ).
Family physician supply and MO supply were not significantly associated with the incidence of under-5 mortality. Nurse supply was associated with a 9% increase in the incidence of under-5 mortality, whilst specialist supply was associated with a 91% decrease in the incidence of under-5 mortality rate. Multivariate analysis in which the impacts of other health care workers were held constant revealed that nurse supply was associated with a 14% increase in the incidence of under-5 mortality: IRR 1.14 (95% CI 1.07-1.21, p = 0.002) ( Table 6 ). It further revealed that specialist supply had no statistically significant association with under-5 mortality: IRR 0.38 (95% CI 0.05-3.15, p = 0.37).
Family physician supply and MO supply had no significant impact on early antenatal visits. Nurse supply was associated with a 2% increase in the odds of early antenatal visits: OR 1.02 (95% CI 1.01-1.03, p = 0.005). Specialist supply was associated with a 47% decrease in the odds of early antenatal visits OR 0.53 (95% CI 0.29-0.99, p = 0.05). Multivariate analysis indicated that nurse supply was associated with a 2% increase in the odds of early antenatal booking, OR 1.02 (95% CI 1.01-1.03, p = 0.0001) ( Table 6 ), whilst it indicated that specialist supply had no significant impact on early antenatal visits: OR 0.91 (95% CI 0.68-1.22, p = 0.526).
Even though the proportion of patients on TB treatment varied over the reporting period, bivariate analysis revealed that none of the health care worker supplies had a significant impact on TB treatment.
Nurse supply was the only health care worker category to be associated with IPT, OR 1.04 (95% CI 1.01-1.07, p = 0.01).
Multivariate analysis revealed that nurse supply was significantly associated with a 9% increase in IPT: OR 1.09 (95% CI 1.03-1.17, p = 0.007) ( Table 6 ). No other health care worker category had an impact on this variable.
We did not perform any analysis by district, because there were only four data points recorded for each dependent variable (2011, 2012, 2013 and 2014) ; therefore, no meaningful analysis could be performed as we were not able to replicate the methods described by Dyers et al.
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Discussion
The primary objective of this study was to determine the impact of FPs on designated PHC indicators in the district health system of the Western Cape. Bivariate analysis of the impact of FPs, the primary objective, indicated that FPs did not have a significant impact on the indicators assessed in this study. This may be explained by the fact that the FP supply is still too low to have made a significant impact on these health indicators, even though it has doubled over the past 4 years. 12 However, bivariate analysis of secondary objectives revealed that increased nurse supply was associated with a 1% increase in PHC utilisation, IRR 1.01 (95% CI 1.0-1.02, p = 0.08), and a 2% increase in early antenatal bookings. This makes sense as nursing staff are the key providers of comprehensive antenatal care health services. In addition, nurse supply was associated with a 9% increase in IPT; this is also understandable as nurses are key clinical members of the vertical TB and HIV programmes, and the advocates for increased adherence to IPT. 21 Nurse supply was also associated with a 14% increase in the incidence of under-5 mortality. This was an unexpected clinical outcome finding. This may be explained by inconsistent data as described in the 2014 Stats-SA Live Birth report, which highlighted an under-registration of births during 2013, resulting in a false increase in under-5 mortality rate. The Western Cape Department of Health is aware of these data discrepancies and measures are implemented to improve data accuracy. 18 Medical officer supply was associated with an 18% increase in PHC utilisation: this may indicate greater reliance on the public health system by the population served in those facilities with MOs as part of the primary team; conversely, it could also point to the disease burden of these communities in which there was an increased supply at the PHC facilities (more MOs may be appointed at busier PHC facilities). Medical officers had no significant impact on early antenatal bookings. This is an unexpected finding as an increased supply of primary care doctors should be associated with improved maternal health care. However, this dependent variable is not so much an indication of care quality, but rather an indication of how pregnant women make use of the available health services. A number of unrelated factors or unmeasured confounders might explain why pregnant women choose to book early in their pregnancy. It may be that primary care facilities with more MOs are dealing with a more dependent community with greater socio-economic challenges, which negatively impact the uptake of available services. Conversely, MO supply was associated with a 47% reduction in under-5 mortality, which is more in keeping with the published benefits of an increased supply of primary care doctors. 22 This perceived benefit may also be explained by other factors or confounders, such as targeted initiatives like maternal and child health policies and interventions.
Specialist supply was found to be significantly associated with a 91% decrease in the incidence of under-5 mortality rate. This was an unexpected clinical outcome finding and may be explained by inconsistent data as described in the 2014 Stats-SA Live Birth report. 18 The health effects of expanding specialist supply are unknown, but expanding specialist supply would lead to increased costs, possibly with no proportional benefits for the health of the population. 23 In primary care-oriented systems, the population dependent on PHC services have fewer specialists involved in an episode of care and more visits with primary care physicians, spend fewer hospital days in intensive care and have lower health care costs. 24 The DHS is also an environment with a low supply of specialists, compared to other health worker cadres (available in Table 1-A1) . Specialists have a direct and indirect influence on the care provided to patients: they function as consultants to the clinical team and have to exert their influence through other team members who provide care or organise services. 
Study strengths
The strengths of this study included finite sampling which ensured that all Western Cape districts were included and represented in the study, thereby reducing the potential for selection bias. 25 The high response rate (100%) ensured that sampling had no impact on the validity of the inferences made. Moreover, the study procedures, inclusion and exclusion criteria were uniform across districts and subdistricts, thereby reducing systematic selection bias or differential misclassification of districts. Furthermore, the study outcomes were clearly defined and objectively measured using data from DHIS. The use of generalised linear models using multivariate binomial and negative binomial regression ensured that potential confounders such as the supply of other health care categories (i.e. nurses, MOs and specialists) were adjusted for during the analysis.
Study limitations
Because of the fact that there were only four data points measured for the dependent variables in the available data set, no district by district analysis could be performed. Furthermore, some outcomes specified in the original study protocol and baseline study by Dyers et al., such as TB cure, diabetes score, hypertension score, hospital expenditure and chronic care team coordination, could not be measured.
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The cause-and-effect relationship between FP supply and DHS could not be determined in terms of temporality.
Recommendations
A follow-up study at 10 years or more when the newly trained FPs have matured in their role and their numbers have increased is recommended. 26 In addition, a nationwide study including more districts and more FPs may increase the sample size and thereby increase the power of the study.
Conclusion
This study did not replicate the positive associations between an increase in FP supply and improved health indicators, as described by Starfield and others in studies conducted across 19 countries, which revealed that a one unit increase in primary care physician supply resulted in improvements in all health outcomes. 26, 27, 28 In this study, the supply of FP had no statistically significant impact on the indicators used to measure health system performance and clinical outcomes. This discrepancy may be attributed to the low supply and relatively shorter duration of FP supply within this South African province. The ongoing analysis of the impact of FPs on district health outcomes is recommended to allow for more time and an increase in FP supply. Setting: 1 = urban (Cape); 2 = rural. CPT, Cape Town; dp, dependent population; FPs, family physicians; MOs, medical officers. 
Immunisation coverage
Immunised fully under1year Total population under1year
Maternal mortality Maternal death in facility Live births in facility 100 000 ×
Under-5 mortality
Children under 5 years who died in facility Live births in facility 1000 ×
Perinatal mortality rate
Still births and inpatient early neonataldeaths in facility Total births in facility 1000 ×
